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Figure 18.1 A chromosome pair crossing over during meiosis. Two of the four possible
gametes in this example are recombinants.

Hence, linked genes tend to co-segregate: Either both paternal genes are trans-

ferred, or both maternal genes. Oppositely, unlinked genes segregate independ-

ently of each other. This difference in how the DNA is shuffled makes it possible to

map traits to specific chromosomal regions, hence greatly narrowing down the

search for the causal gene. From a statistical viewpoint, linkage analysis is a rich

and interesting field. In Section 18.3 we outline the solid statistical foundations

upon which it rests, and the challenging computational difficulties involved.

SNP markers are also used in the mapping of multifactorial diseases, where the

effect of each factor might be too small for particular modes of inheritance to be

observable within families. The most common approach to genetically mapping

these diseases is to use the classical case-control study design, commonly called

association studies. The allele frequencies of a group of patients are compared to

the allele frequencies of a group of healthy, unrelated controls. A significant differ-

ence in allele frequencies of a particular marker between the two groups supports

the hypothesis that the marker is associated to the disease, meaning that the

marker itself, or a variant in the proximity of the marker, is important in the devel-

opment of the disease. In the latter case, the conclusion relies on the phenomenon

of linkage disequilibrium (LD) between the marker and the assumed disease-caus-

ing locus. LD is when alleles at neighboring loci are non-randomly associated at

the population level, which makes certain allele combinations (haplotypes) more

or less frequent in the population than would be expected on the basis of the allele

frequencies of each locus. The degree of LD between two loci is obviously affected

by the physical distance between them, but also by several other important factors,

including recombination (which does not occur randomly in the genome),

genetic drift, mutation age, ethnic diversity, natural selection and population
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